Preliminary Assessment of Particulate Matter Air Quality Associated with Traffic Emissions in Nakhon Si Thammarat, Thailand  by Kanabkaew, Thongchai et al.
 Procedia Engineering  53 ( 2013 )  179 – 184 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia Perlis
doi: 10.1016/j.proeng.2013.02.023 
Malaysian Technical Universities Conference on Engineering & Technology 2012, MUCET 2012
Part 3 - Civil and Chemical Engineering
Preliminary Assessment of Particulate Matter Air Quality Associated 
with Traffic Emissions in Nakhon Si Thammarat, Thailand 
Thongchai Kanabkaew ª* , Phiyachat Nookongbut ª, Patcharakan Soodjaia
a Environmental Science Program, School of Engineering and Resources
Walailak University
Nakhon Si Thammarat, Thailand
Abstract
Urbanization results in increasing traffic density which is in turn a major cause of air quality deterioration. For the past decade, number of 
new registered vehicles in Thailand was increased around 3 times as of 2011 while levels of air pollutants occasionally exceeded the
national ambient air quality standards (NAAQS). Various policies and measures toward better air quality have been implemented in the 
country, particularly Bangkok to strive against the air pollution problems. The overall situation has been reported to be improved;
however, a problem related to the particular pollutants, i.e. particulate matter and ozone is remained. Nakhon Si Thammarat is, in term of 
population, the biggest province in Southern Thailand and ranks in top ten of the country as of 2011 record. Similarly to the country
traffic data, number of new registered vehicles in Nakhon Si Thammarat was increased around 3.5 times for the past decade. Lack of 
permanent air quality monitoring stations in this city causes a questionable level of air quality. This study was design to a ssess levels of 
particulate matter air quality as PM10 and PM2.5 in the city of Nakhon Si Thammarat at three main traffic connections: Tha Wang; Ku 
Khwang; and Lak Muang for four consecutive days on 11th-14th July 2012. Results revealed that measured 3-hour average PM10
concentrations ranged from around 60 to 140 μg/m3 and 40 to 170 μg/m3, respectively in the morning and evening while those for PM2.5
ranged from 40 to 110 μg/m3 and 40 to 160 μg/m3, respectively. Overall, estimated PM10 and PM2.5 at 24-hour and annual average
concentrations met the NAAQS of Thailand; however, several values of 24-hour average PM10 exceeded the guideline values of the
World Health Organization (WHO). Concentrations of 24-hour average PM2.5 also exceeded the guideline values of WHO recommending
the implementation of stringent measures to tackle the situation. Further study should include field survey of traffic volume, engine type 
and fuel consumption as well as measurement of other pollutant emissions to assess the association between air pollutants and traffic
density.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia
Perlis.
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1. Introduction
Similar to other developing countries, Thailand faces the imbalanced development in terms of industrialization and
urbanization distribution. The development has not been taken place throughout the country, but only found in the capital
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city, metropolitan region, and cities of big provinces. People tend to live in the cities to find their opportunities in various 
aspects, i.e. jobs, educations and family reasons [1]. These are in turn a major cause of rapid growth and high population 
density in big cities. In subsequent, number of new registered vehicles in Thailand has been observed to increase around 3 
times in 2011 comparing to 2000 [2]. Traffic emissions are recognized as the main cause of air pollution in big cities [3].          
Air quality deterioration is observed in several cities of Thailand, particularly particulate matter (PM) as PM10 
(particulate matter with the aerodynamic diameter less than 10 micrometers) and PM2.5 (particulate matter with the 
aerodynamic diameter less than 2.5 micrometers), and ozone (O3) which often exceed the national ambient air quality 
standards (NAAQS) of Thailand [4]. Records from air quality monitoring stations in 2011 revealed that PM10 is a major air 
quality problem in several provinces [4]. Major sources of PM in Thailand are from traffic, industry, construction, open 
burning and transboundary pollution. Nowadays, there are 62 permanent air quality monitoring stations in Thailand of 
which 31, 14, 3, 9 and 5 stations, respectively are located in Central, Northern, Northeastern, Eastern and Southern 
Thailand. It is remarkably interested to note that, out of total number of the permanent stations, 25 stations are located in 
Bangkok and Metropolitan Region (BMR) [4].          
 Nakhon Si Thammarat is the largest province, in terms of population, among fourteen provinces of Southern 
Thailand and ranks in top ten provinces of largest population number in the country [5]. High traffic volume during rush 
hour periods, morning and evening. was observed in the main roads inside the city. However, how much air pollutants 
increase as a result of traffic emissions is still questionable since there is no automated air quality monitoring station. 
Various researches stated that increasing PM level can be the causes of respiration disease and chronicle health impacts 
[6,7]. The epidemiological studies on the association between daily PM10 concentrations and short-term mortality in 
3 increase in PM10 resulting in 0.10% increase in daily mortality [8,9].  
This study was designed to assess the level of PM10 and PM2.5 at the main connection roads inside the city of Nakhon Si 
Thammarat where local people is experiencing the deterioration of air quality due to increasing traffic density and, hence 
possibility of health impacts.    
2. Methodology 
2.1 Study area 
The study area is 
. MNST is the semi-urbanized area which is located in the Southern Thailand around 800 km from 
Bangkok. MNST occupies the area of around 617 km² with number of population of 146,723 people [5]. Figure 1 shows the 
area of this study and locations of main connection roads indentifying for PM air quality sampling sites. 
2.2 Sampling Location and Sample Collection 
 
Pre-survey was conducted to observe the locations in MNST that might experience high levels of air pollution, 
particularly PM emitted from exhaust vehicles. Preliminary survey results revealed that there are three locations with high 
traffic density; they are S1: Tha Wang connection, S2: Ku Khwang connection and S3: Lak Muang connection. S1 and S2 
sites are considered as the commercial area with several superstores surrounded. Another sampling site (S3) is not only 
essential due to the high traffic density, but also it is surrounded by the local government office, high school and primary 
school. Levels of air quality and exposure could be exceptionally interested to those government officers, clients and 
students. The selected sites are indicated in Figure 1. 
Sample collection for PM10 was conducted at all selected sites (S1, S2 and S3); however, collection for PM2.5 was 
conducted only at S3 site. Please be noted that PM2.5 is considered to have higher impact on human health since it can be 
penetrated deeper into human respiration system [6]. Table 1 indicates details on sampling sites and periods. PM data were 
taken mainly during rush hours in morning and evening times each for 3 hours for four consecutive days including weekday 
and weekend from 11th July 2012 (Wednesday) to 14th July 2012 (Saturday). 
2.3 Sample Processing and Analysis 
 
Samples were collected for PM10 and PM2.5 using high volume air sampler and Partisol 2000-FRM air sampler, 
respectively. These two equipments are filter-based collection using gravimetric methods.  
As mention earlier, PM data were taken for 3 hours to capture the peak concentrations in the selected locations. PM 
sampling for mass concentration is normally conducted for 24 hours that provides a comparative value with the NAAQS. 
However, shorter sampling intervals provide better temporal variations to capture the peak concentrations [7]. To be able to 
compare with the NAAQS of Thailand, PM levels at 24-hour and annual average were estimated using correcting factors 
recommended by the Office of Natural Resources and Environmental Policy and Planning, Thailand (Table 2). 
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3. Results and Discusion
3.1 Current Status of Transport and Air Quality in Thailand and MNST
During the past decade, number of new registered vehicles in Thailand was increased more than 3 times. As the
data of 2011, total number of cumulative vehicles in the country was around 30 million cars as indicates in Table 3. Also,
number of new registered vehicles in NMST was increased around 3.5 times as of 2011 in comparison with 2000. Total
number of cumulative vehicles in MNST was around half million cars which can be classified mainly into 5 categories: 
passenger car; light duty; heavy duty; motorcycle and others. Expectedly, motorcycle accounted for around 70%, following
by light duty (17%), passenger car (9%) and heavy duty (2%). Other vehicles, i.e. tractor, road roller and agriculture vehicle 
were negligibly in a small number (Table 3).
Ambient air quality in Thailand in 2011 was reported to be slightly improved in comparison with previous year.
However, the records in 2011 revealed that PM10 was still a major air quality problem in several provinces including
Saraburi, Phrae, Chiangrai, Maehongson, Lampang, Bangkok, Samuthprakarn, Phayao, Ayutthaya, Nonthaburi and
Pathumthani [4]. Particularly, PM problems monitored at curbside stations in Bangkok. For MNST, there is no permanent
air quality monitoring station. Level of air pollutants, particularly PM10 and PM2.5 in ambient air and curbside area is still
undefined.
3.2  PM Levels in MNST
In this study, PM10 and PM2.5 measurement at three selected stations together with their estimations at other temporal
averages, i.e. maximum 1-hour, 24-hour and annual average values are indicated in Table 4. Measured 3-hour average PM10
concentrations varied from around 60 to 140 μg/m3 and 40 to 170 μg/m3, respectively in the morning and evening rush 
hours while those for PM2.5 varied from 40 to 110 μg/m3 and 40 to 160 μg/m3, respectively. Average ratio of PM2.5 to PM10
in NMST was found to be around 0.8 suggesting that PM measured in the selected roadsides are mainly in fine particle
mode having high possibility of emitting from exhaust vehicles [3].  Maximum 3-hour average PM data measured in this
study were then converted to the estimated PM concentrations at 24-hour and annual average to be capably compared with 
the NAAQS of Thailand and the international guidelines of the World Health Organization (WHO). The conversion was
done using correcting factors taken from Table 2.
For PM10, both maximum 24-hour and annual average values well met the NAAQS of Thailand while several values of 
24-hour average were observed to exceed the guideline values suggesting by WHO (Table 4). Remarkably, 24-hour average 
of PM2.5 at S3 site on 12th July 2012 already exceeded the NAAQS of Thailand though the average value for whole 
sampling period still met the NAAQS. Most of 24-hour average of PM2.5 concentrations at all sampling sites exceeded the
guideline values of WHO.
Fig. 1. Study area (Courtesy of Google Earth map)
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Table 1: Sampling sites and periods 
 
 
 
 
Table 2: Correcting factors to estimate pm levels at other average time periods. Source: ONEP, 2008 [10] 
Maximum average for other time 
periods 
Correcting factor (adjust from 
the known maximum 1-hour 
average) 
3-hour average 0.9 
24-hour average 0.4 
Annual average 0.08 
 
Table 3: Total number of cumulative vehicles in thailand as of 31st december 2011 
Type of vehicles Number of cumulative vehicles as of 31st December 2011a 
Thailand Southern 
Thailand 
Nakhon Si 
Thammarat 
Passenger car 5,536,706 (18.3) 440,586 (11.0) 47,179 (8.9) 
Light duty 5,140,094 (17.0) 666,799 (16.6) 90,806 (17.2) 
Heavy duty 990,406 (3.3) 95,489 (2.4) 12,057 (2.3) 
Motorcycle 18,152,469 (60.1) 2,804,267 (69.8) 377,668 (71.4) 
Others 375,262 (1.2) 7,894 (0.2) 1,103 (0.2) 
Total 30,194,937 4,015,035 528,813 
 
Source: Modified from DLT, 2012 [2] 
 
Note: a Number in parenthesis () indicates percentage to total number in each column 
Passenger car includes private car, taxi and Tuk-Tuk; Light duty includes van and pick, and microbus; Heavy duty includes bus, truck and trailer; 
Others include tractor, road roller and farm vehicle. 
Sampling 
date 
Sampling site Geo-coordinate Sampling Period 
Morning Evening 
11.07.2012 - 
14.07.2012 
S1: Tha Wang 
 
07:00-10:00 h 15:00-18:00 h 
S2: Ku 
Khwang  
07:00-10:00 h 15:00-18:00 h 
S3: Lak 
Muang  
07:00-10:00 h 15:00-18:00 h 
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Table 4 PM measurement and estimation data at the selected sites in mnst 
Sampling description 
Measurement value of PM (μg/m3) Estimation value of PM (μg/m3) 
3-hour average PM 
Maximum 3-
hour average 
Maximum 1-
hour average 
Maximum 
24-hour 
average 
Maximum 
annual 
average Site Date 7:00-10:00 15:00- 18:00 
1) PM10 
S1: Tha Wang 11/7/2012 106 82 106 118 47 9 
 12/7/2012 122 168 168 187 75 15 
 13/7 2012 100 77 100 111 44 9 
 14/7 2012 120 44 120 134 53 11 
S2: Ku Khwang 11/7/2012 114 100 114 127 51 10 
 12/7/2012 114 149 149 166 66 13 
 13/7 2012 61 106 106 118 47 9 
 14/7 2012 135 71 135 150 60 12 
S3: Lak Muang 11/7/2012 131 121 131 146 58 12 
 12/7/2012 119 162 162 180 72 14 
 13/7 2012 98 86 98 109 44 9 
 14/7 2012 71 41 71 79 32 6 
Average 54 11 
NAAQS of Thailanda 120 50 
WHO guidelinesb 50 20 
2) PM2.5 
S3: Lak Muang 11/7/2012 74 111 111 123 49 10 
12/7/2012 111 147 147 163 65 13 
 13/7 2012 n.a. 74 74 82 33 7 
 14/7 2012 37 37 37 41 16 3 
Average 41 8 
NAAQS of Thailanda 50 25 
WHO guidelinesb 25 10 
 
Note: n.a. is not analysis 
 a National ambient air quality standards of Thailand [11]  
 b Guideline values for ambient air quality, World Health Organization [12]  
4. Conclusion and Recommendation 
Levels of PM10 and PM2.5 concentrations were preliminarily assessed in MNST, Thailand at the three main traffic 
connections: Tha Wang; Ku Khwang and Lak Muang. Estimation of PM10 and PM2.5 at 24-hour and annual average 
concentrations generally met the NAAQS of Thailand; however, several values of 24-hour average PM10 exceeded the 
guideline values of WHO. Most of 24-hour average PM2.5 concentrations were rather high when compared with the NAAQS 
of Thailand and hence exceeded the guideline values of WHO recommending the imperative implementation of stringent 
measures to tackle the situation. Further study should include field survey of number of vehicles and types of engine and 
fuel consumption as well as measurement of other pollutant emissions to scrutinize the association between air pollutants 
and traffic density. 
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